This study demonstrated the presence of Cryptosporidium hominis in pigeons for the first time. Previously, C. hominis had been cited only in another bird species, Branta canadiensis. The present findings suggest that pigeons may act as mechanical vectors for this protozoan.
Introduction
Cryptosporidium is a coccidian parasite of humans, urban captive animals and other vertebrates that is classified as an emerging pathogen (Chen et al. 2002) . Molecular studies have shown that the majority of human cases are caused by C. hominis and C. parvum (Anonymous 2000 , McLauchlin et al. 2000 . The oocysts of this parasite can be readily found in sludge, raw sewage, sewage effluents, drinking water and recreational waters (Bukhari et al. 1997 , Fayer et al. 2000 , Robertson et al. 2000 , Caccib et al. 2003 , and may represent a public health risk in developed and developing countries (LeChevalier et al. 1991a, b) .
Pigeons have a wide distribution especially in cities and live close to humans. Elderly people and children are at a higher risk to come in close contact with pigeons in gardens and public parks (Haro et al. 2005) . The most common species of pigeon in the Canary Islands is Columba livia which inhabits forests, cities and villages (Emmerson 1985) . This species can transmit microorganisms to humans that could be pathogenic as is the case of Cryptococcus neoformans (Emmons 1951 (Emmons , 1955 Kwon-Chung and Bennett 1978) or, more recently, Enterocytozoon bieneusi and Encephalitozoon intestinalis (Haro et al. 2005) . On the other hand, it is known that some birds can acquire C. hominis oocysts from local garbage and other unhygienic places (Graczyk et al. 2008) , as it could be wastewater. A previous study identified C. hominis in a small percentage of Canada geese (Branta canadensis) (Zhou et al. 2004 ). This study investigates the occurrence of Cryptosporidium spp. in pigeons on Tenerife (Canary Islands) and discusses the potential role of pigeons in the transmission of Cryptosporidium.
Materials and methods
The study was undertaken in Santa Cruz de Tenerife, Tenerife (Canary Islands, 13°23´ to 18°8´W and 27°37´ to 29°24´N; Spain) in the eastern Atlantic Ocean. For this survey, 28 adult pigeons were randomly captured with the permission of the Canary government, in public parks and squares in Santa Cruz de Tenerife, and 6 domestic pigeons, from April to May 2005. Pigeons were tested for clinical signs and sacrificed by cervical dislocation. Faecal samples were collected from the rectum of all dissected pigeons and stored at 4°C in 2.5% (w/v) potassium dichromate solution until they were used. Thin smears were made from all concentrated faecal samples, and screened for Cryptosporidium oocysts by using the modified Ziehl-Nielsen stain (Henriksen and Pohlenz 1981) .
A total of five wastewater samples were obtained from the primary clarifier of Santa Cruz de Tenerife wastewater treatment plant, on five different days, at the same time during May 2005. Domestic wastewater from an area of more than 300,000 inhabitants is reclaimed in this plant. All samples were collected in plastic vessels (20 l) by immersion, and brought to the laboratory at 4°C for further processing. Ten litres of each wastewater sample were concentrated by inorganic flocculation as described by Vesey et al. (1993) for the oocysts study. Direct immunofluorescence techniques described by Ho et al. (1995) were carried out for the oocysts detection. Positive samples were stored at 4°C for the identification of Cryptosporidium sp.
DNA from faecal samples found to be positive for Cryptosporidium sp. in the staining methods and all samples of wastewater was extracted by bead disruption of oocysts using a Fast DNA Kit (Qbiogene, Vista, CA, USA) and FP120 disrupter (Qbiogene), and stored at 4°C until PCR amplification. The species of Cryptosporidium were determined using a nested PCR based on a fragment of the small-subunit rRNA (SSUrRNA) gene, following Xiao et al. (1999a) . A C. parvum isolate from a cow was used as positive control. PCR products were purified by using the QIAX II Gel Extraction Kit (QIA-GEN, Hilden, Germany), cloned with the pGEMT Easy vector (Promega, Madison, WI, USA), and then transformed into Escherichia coli XLB-2 competent cells (Invitrogen, Carlsbad, CA, USA). For each isolate, clones were selected by picking seven colonies. The selected plasmids were purified using a QIAprep Spin Miniprep Kit (QIAGEN). Sequence accuracy was confirmed by two-directional sequencing and by sequencing of a new clone if necessary. The sequences, which were determined commercially (by Sistemas Genó-micos, Valencia, Spain) were aligned with the multiple-alignment program Clustal X (Thompson et al. 1997) . Minor corrections, to increase the aligned sequence similarity and improve inferences on any positional homology, were made by hand. A neighbour-joining tree was constructed for all the isolates of Cryptosporidium to assess the phylogenetic relationship among Cryptosporidium species. The evolutionary distances were calculated by Kimura two-parameter analyses (Kimura 1980 ) and the Mega 3 program (Kumar et al. 2004) was used. Supplemental SSUrRNA sequences were obtained from GenBank: C. parvum isolates (DQ523504, DQ523505, EF611871), C. hominis isolates (EF570922, DQ286403, DQ523506) and C. baileyi (AY954884). Toxoplasma gondii (L37415) was used as an outgroup. Each new partial SSUrRNA sequence obtained in the present study was deposited in the GenBank database.
Results and discussion
In two of the 34 pigeons analyzed (5.9%), Cryptosporidium sp. oocysts were detected using the staining method. Previously, Cryptosporidium had been found in pigeons (Borodina et al. 1994 , Ozkul and Aydin 1994 , Rodríguez et al. 1997 . However, in none of the cases it was identify to specific level. In the case of the wastewater samples, oocysts of this parasite were found in all of them. Previously, this protozoan had been found in effluents of this wastewater treatment plant (Abreu-Acosta et al. 2002) , which are reused in irrigation of parks and gardens of the city. In mainland Spain a similar prevalence was found by Montemayor et al. (2005) . In other European countries fewer samples presented oocysts, such as UK (Bukhari et al. 1997 ) with the 63.3% of raw sewage were positive. However, the data on the annual occurrence of Cryptosporidium sp. in humans in England (8.9 cases per 100,000 persons) (Lowery et al. 2001 ) is higher than in Spain (0.2 cases per 100,000 persons) (Anonymous 2003) . This difference may be the result of the prevalence in Spain being underestimated (Montemayor et al. 2005) . Furthermore, this fact has been demonstrated in Tenerife, where only 1.7% of patients with diarrhoea were attributed to Cryptosporidium sp. with staining methods, while 5.7% of the same samples were positive using PCR techniques (Abreu-Acosta et al. 2007) .
Seven different partial sequences of the SSUrRNA gene were obtained and deposited in the GenBank database (accession numbers EU032319, EU032321-EU032326). Phylogenetic analyses based on DNA sequences using distance method, revealed that all the obtained isolates, from pigeons and wastewater, belong to C. hominis species (Fig. 1) . These sequences were clustered within different human C. hominis isolates obtained from the GenBank with a high bootstrap (75%). This analysis confirmed that C. parvum and C. hominis are two separate groups (100% bootstrap), the clade of C. parvum contained isolates from humans and animals. These two groups are separate from C. baileyi. This is the first report where Cryptosporidium isolates from animal and wastewater are identified to species level in the Canary Islands.
Genetic variation was observed in the C. hominis isolates obtained. Three different C. hominis sequences were isolated from a pigeon (C4), two from another pigeon (C24), and 2 from wastewater samples (ND). The 19 variable positions between the different C. hominis sequences are reflected in Table I . The differences between the sequences were from 1 to 11 variable positions. The most similar sequences were those obtained from wastewater samples, with only one different position (414). In the case of the most different ones, with 11 variations (C4 C and C24 B) belonged to different pigeons. The last 5 variable positions were identical in all the sequences except for C4 C, which was the most different sequence. Interestingly, the bird sequences C4 D, C24 A and C24 B are more similar to that from wastewater, than with the rest from pigeons.
Cryptosporidium hominis is commonly found to infect the small intestine and colon of humans (Casemore 1997) . Most studies have found that C. hominis oocysts are not infective for cattle, mice, rats, cats or dogs. There have been few reports of non-human infections with C. hominis, dugongs (D. dugon) , lambs (Giles et al. 2001) , and cattle (Smith et al. 2005) . However, the rest of the reports about C. hominis infections have been confined to humans and primates (Xiao et al. 1999b) .
On the other hand, with respect to birds, there is only one report in Canada geese (Branta canadensis). In that study, Zhou et al. (2004) concluded that oocysts of this species were merely passing through the digestive tracts of foraging Canada geese without establishing infection. The present report of C. hominis in pigeons is of interest because it has never been cited in this host.
Humans are the predominant source of C. hominis, it is reasonable to assume two facts. Firstly, pigeons may act as mechanical vectors (Graczyk et al. 2008) , as Canada geese of C. parvum (Graczyk et al. 1998) . Secondly, the C. hominis oocysts found in pigeons feces may have been acquired from unhygienic places related with human activities, as was reported for Canada geese (Graczyk et al. 2008) . Reclaimed water from the wastewater treatment plant used in irrigation of the public parks and gardens in Santa Cruz de Tenerife, and where birds are known to drink from, could be one of the sources of C. hominis in pigeons. However, posterior subtyping studies are required to confirm this hypothesis.
Cryptosporidium hominis was the only species detected in the wastewater and pigeons, yet surprisingly, the predominant species in patients with diarrhoea in this area is C. parvum (Abreu-Acosta et al. 2007) . There are several possible reasons for this. Firstly, the shedding patterns between the two species are different. The duration of oocyst detection in stools is sig-3 Stanis³a Table I . Variable positions of the detected haplotypes in the Cryptosporidium SSUrRNA gene sequence (position reference following GenBank reference L16996) Positions Haplotype 2 3 3 4 5 6 6 6 6 6 7 7 7 7 8 8 8 8 9 8 9 9 1 1 9 9 9 9 9 3 8 8 9 3 5 5 7 9 5 6 8 4 4 4 5 6 7 8 9 6 8 6 6 2 8 5 9 nificantly longer and the intensity of oocysts shedding is significantly higher in infections with C. hominis than with C. parvum (Xiao et al. 2001) . Consequently, a higher quantity of C. hominis could be present in the environment and obscure the nested-PCR signal of C. parvum. Another reason could be that in the Canary Islands a seasonal variation in the distribution of the two species could be present. C. hominis could be more frequent in the season when the work was conducted, in contrast to the UK where C. hominis is more frequent during summer and autumn (McLauchlin et al. 2000) .
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Cryptosporidium hominis is an important pathogenic species in humans and is responsible for most of the cryptosporidiosis outbreaks worldwide (Peng et al. 1997 , McLauchlin et al. 2000 . Since sites used by pigeons also serve as residential and/or recreational facilities, there is potential human contact with the feces of this bird. Graczyk et al. (2007) had described this risk for E. bieneusi that were found also in pigeons. However, in this study few pigeon fecal specimens (2 of 32 or 5.9%) were positive for C. hominis, indicating that pigeons might serve only as a minor source of infection in humans. Moreover, this study is of interest as C. hominis has been identified in pigeons for first time, this is also the second report in birds.
